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Preventing childhood obesity: what works?
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Rates of overweight in North American children and adolescents have increased dramatically since the 1970s. Childhood obesity
has reached epidemic proportions and calls for prevention and treatment programs to reverse this trend have been made.
However, the evidence base needed for effective action is still incomplete, especially for childhood obesity prevention programs.
This paper focuses on primary prevention of childhood obesity and has three aims: (1) to briefly describe current primary
prevention approaches for childhood obesity and the evidence for their impact; (2) to elucidate promising, but untested
intervention strategies using an ecological framework and evidence from experimental and epidemiological research on factors
influencing children’s eating and weight status; and (3) to introduce a multiphase strategy for screening intervention
components and building and evaluating potent interventions for childhood obesity. Most childhood obesity prevention
programs have focused on school-aged children and have had little success. We suggest that, given these findings, prevention
efforts should be expanded to explore other contexts in which children live as possible settings for intervention efforts, including
the family and childcare settings. Given that 25% of preschool children are already overweight, intervening with children before
school entry should be a priority. A review of experimental research on the developing controls of food intake in infancy and
childhood suggests possible intervention strategies, focusing on parenting and aspects of the feeding environment.
Epidemiological findings point to even earlier modifiable risk factors, including gestational weight gain, maternal prepregnancy
weight, and formula feeding. However, the potential impact of altering these risk factors remains to be evaluated. In response to
this problem, we suggest a new, multiphase method for accomplishing this, including screening intervention components,
refining intervention designs and confirming component efficacy to build and evaluate potent, optimized interventions.
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Rates of overweight in North American children and
adolescents have increased dramatically since the 1970’s,!
leading to calls for action to reverse this trend. But effective
action requires an evidence base and, unfortunately, the
evidence base for how to prevent childhood overweight is
still very incomplete (see Koplan et al.” for a review). Despite
this problem, actions have been taken through implementa-
tion of both obesity prevention and treatment programs.>
This paper will focus on primary prevention, rather than
treatment, of childhood obesity, and how we can progress
toward more effective prevention efforts (for a recent review
of treatment programs, see Wilfley et al.*). Thus, this focus
will be explored by three aims: (i) to briefly describe current
primary prevention approaches for childhood obesity and
the evidence for their impact; (ii) to elucidate promising but
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untested intervention strategies using an ecological frame-
work and evidence from experimental and epidemiological
research on factors influencing children’s eating and weight
status; and (iii) to introduce a multiphase strategy for
screening intervention components, and building and
evaluating potent interventions for childhood obesity.

Preventing childhood obesity: current approaches

Recent reviews of interventions to prevent obesity in
children have shown that there are several common features
of the current interventions available.>*>° To date, the
majority of prevention programs for childhood obesity have
been conducted in schools with school-aged children and
adolescents. A range of outcomes have been targeted, such as
changing dietary patterns, increasing physical activity,
decreasing sedentary behaviors and reducing weight status
or weight gain. Although some interventions have tested
single intervention components (for example, nutrition
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education or environmental change), most have taken a
‘kitchen sink’ approach, in which several components are
used in combination.

What do current findings tell us regarding what works to
prevent childhood obesity? The short answer to this
question is: ‘not much.” Overall, school-based interventions
have had little success; only about half of these interventions
produce any significant change in eating behavior, physical
activity or weight status, and the largest, most rigorous
studies tend to be the least successful.® Of the interventions
that have shown significant effects, the effect sizes are small
relative to the current increases in population levels of
obesity, making it unlikely that these interventions could
meaningfully impact recent obesity trends.® Additionally,
the confounding of several intervention components, com-
bined with the weak study designs, do not allow for
evaluation of the independent effects of, or the interactions
between, intervention components. This information is
essential to understand what works and does not work to
prevent childhood obesity. Overall, current efforts have been
limited in scope and focus, both in terms of the contexts for
interventions (schools) and the age of children who are the
targets of intervention (school-aged children).

Despite these limitations, the popularity of school-based
interventions is not surprising; there are many benefits to
the school environment as a context for intervention
programs for children. Schools are a place where most
children spend time; in 2005, approximately 90% of
5-19-year-old US children attended school.” Schools also
provide contexts for the eating and physical activity
behaviors that influence body weight, and provide staff
and resources (for example, teachers and coaches) that can
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support the dissemination of interventions. However, as
shown in Figure 1, schools are only one of several contexts
for change. The ecological framework presented in Figure 1
shows that a child’s weight status is influenced by the intake
and expenditure patterns of that child, but these patterns are
embedded within the larger ecology of the child’s family,
community and demographic characteristics. An implica-
tion of this framework is that preventive interventions
should be implemented across the multiple contexts that
can influence children’s eating, activity and weight. In
addition to schools, other contexts include home and family,
community and healthcare settings.

Perhaps the most important limitation of school-based
obesity prevention is the focus on school-aged children. By
school entry, more than 20% of 2-5-year-old children are
already at risk for overweight or overweight,! which suggests
that a prime opportunity to prevent childhood obesity has
been missed. During the first 5 years of life, children make a
relatively rapid and dramatic transition from suckling to
consuming the modified adult diet of their culture. During
this period, they are learning more about food and eating than
any other developmental period. By the time they enter school,
children have consumed thousands of meals and snacks and
have been exposed to thousands of food commercials and
related marketing approaches. They have learned what is food
and what is not; what, when and how much should be eaten;
what foods they like and dislike; and many rules of cuisine for
their culture.” Thus, combined with evidence regarding early
learning about food and eating occurring during the first years
of life, these trends suggest that infancy and early childhood
are excellent opportunities for preventing obesity and should
be a primary focus for obesity prevention.
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Figure 1 An ecological model for the etiology of childhood overweight. Adapted from Davison and Birch® and reprinted with permission from Obesity Reviews.
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Few interventions targeting infants and preschoolers have
been developed and evaluated; no programs focusing on
infants and only six prevention programs focusing on
preschoolers are cited in a recent review of early interven-
tions.'? Thus, primary prevention approaches for childhood
obesity should be expanded beyond schools to explore a
broader range of potentially influential contexts and settings
and to include earlier and later developmental periods. For
example, young adulthood is a time when maintaining a
healthy weight may become a challenge for the first time
in response to the lifestyle changes associated with
entering into the world of work, living independently and
beginning families of their own. The transition to parent-
hood and the first few years of children’s lives hold great
potential for preventing obesity in young adults and their
children.

What does the research on children’s eating
behavior tell us about how to prevent childhood
obesity?

Parents provide both genes and environments; the conjoint
effects of these genes and environments influence the
development of children’s eating behaviors and weight
status, especially during the first years of life. The research
reviewed in this section focuses on how and what children
are learning about food and eating, and how parents and
caregivers shape this early learning, influencing children’s
diet quality and weight status. The findings provide insights
regarding early risk and protective factors for childhood
obesity, and reveal possible intervention targets and strate-
gies that warrant further scrutiny.

Table 1 summarizes several of the early risk factors for
childhood obesity that have been identified by epidemiolo-
gical research. As shown in Table 1, many of these risk factors
are present before the child is born, whereas others emerge
during early parent—child interactions, but all have substan-
tial roots within the family and home environment. These
risk factors differ in important ways, including the extent to
which they are potentially modifiable. For example,
although maternal prepregnancy weight status and gesta-
tional weight gain are potentially modifiable through
intervention efforts, family ethnicity and income level are,
by nature, less so. These risk factors also differ in the strength
of the evidence linking risk factors to outcomes. A limitation
of epidemiological and prospective cohort studies is that
they can identify groups or individuals at elevated risk, but
do not provide evidence for cause and effect. Thus,
epidemiological evidence is susceptible to spurious associa-
tions, and interventions based on epidemiological evidence
alone are at high risk for failure because causal links between
predictors and outcomes have not been established. To build
effective interventions, causal evidence from experimental
and properly designed longitudinal studies is essential to
identify promising prevention strategies, and we will discuss
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Table 1 Risk factors for childhood obesity identified by epidemiological
research

Demographics
Parental overweight
Obesogenic parental eating, activity patterns
High gestational weight gain
Rapid infant growth
Low income and education levels
African American, Hispanic, American Indian race/ethnicities

Physical activity behaviors
High levels of television watching, screen time
Low levels of physical activity
Short sleep duration

Eating behaviors
Formula feeding
Early introduction of solid foods
Low intakes of fruits and vegetables
High intakes of energy dense foods and high energy-density diets
Habitual ‘food away from home’ consumption
High intakes of sweetened drinks
Large portions
Frequent snacking
Parent’s child feeding practices (for example, restriction, pressure)

Table 2 Potential obesity prevention approaches based on evidence for the
influence of parents on children’s eating and weight

1. Promote breastfeeding to reduce obesity risk, provide ‘flavor bridge’
experience with flavors of maternal diet

. Offer healthy foods and use repeated exposure to promote acceptance

. Provide guidance on age appropriate portion sizes, energy density of foods

. Discourage the use of restrictive feeding practices

. Discourage the use of coercive feeding practices

. Find ways to reduce energy density of foods

. Provide guidance on responsive feeding, recognizing hunger and fullness,
setting limits, sharing feeding responsibilities with children

. Promote ‘do as | do’ not ‘do as | say’: parents as positive models of eating

NO LA WN

[o]

this point in the third section of this paper: ‘A phased
approach to selecting potent intervention components and
developing optimized interventions (multiphase optimiza-
tion strategy)’.

Evidence from longitudinal and experimental research on
how parents’ feeding practices influence children’s eating
and weight provides stronger, causal evidence for features of
early parenting and parent—child interactions that should be
targeted for early intervention. The evidence for several of
these factors will be discussed in more detail below, and
Table 2 provides a summary of these potential targets.
Overall, this evidence illustrates that from conception
through the first years of life, caregivers have substantial
influence on the development of dietary preferences and
patterns and, as will be illustrated below, this evidence can
be effectively incorporated into the design and evaluation of
early prevention approaches.



Genetic predispositions and early learning about food and eating
Infants learn vast amounts about eating and food over the
first few years of life and are born with several predisposi-
tions that place constraints on both how learning occurs as
well as what is learned. Infants are born with a preference for
sweet tastes and an aversion for sour and bitter tastes.'™"' At
around 4 months of age, a preference for salty foods
appears.'® Infants are also predisposed to reject new foods
(thus display neophobia when new flavors and foods are
introduced)'* and to be responsive to the energy density of
foods.'® From an evolutionary standpoint, these predisposi-
tions are adaptive: breast milk is sweet and familiar, whereas
potential toxins are often bitter or sour and unfamiliar. As a
substantial amount of growth occurs during the first year of
life, the ability to respond to the energy density of foods and
to compensate intake appropriately to ensure whether
caloric needs are met is essential to infant survival.

However, in current obesogenic environments, character-
ized by the availability of large portions of inexpensive,
palatable energy-dense foods, these predispositions may
become an impediment to promoting healthy intake
patterns in children. Neophobic tendencies and aversions
for sour or bitter foods can make the introduction of certain
healthful solid foods (vegetables in particular) difficult for
parents. As infants have unlearned, predisposed preferences
for sweetness and saltiness, parents typically need not do
anything to help a child learn to like unfamiliar sweet or
salty foods that can promote diets too high in sugars and
salt, as these foods are readily accepted by children.

Preferences for other novel flavors and foods need to be
learned. Fortunately, infants are also predisposed to develop
preferences for food and flavors through associative
conditioning, involving the association of foods with the
contexts and consequences of eating, if given opportunities
to try new foods. Although new foods may be initially
rejected, if they are repeatedly presented to an infant or
child, both consumption and preference for that food
increase.'® Breastfed infants are more accepting of foods at
the first exposure and increase their consumption of and
preference for to these foods to a greater extent over multiple
exposures, compared with formula-fed infants.'® It is
hypothesized that this observation is attributable to the fact
that flavors from the maternal diet are transmitted from
mother to child through both amniotic fluid and breast
milk."” Mennella and Beauchamp'® have shown that when
mothers repeatedly consume a certain flavor during preg-
nancy and lactation, their infants are more likely to readily
accept and prefer foods with those flavors during the
introduction of solids. Thus, the varied flavors present in
the breast milk create a ‘flavor bridge’ for breastfed infants by
familiarizing them with a variety of flavors in the maternal
diet, reducing neophobia during the introduction of solids.
Other work has supported the role of familiarity and
experience in children’s preferences, showing that when a
food becomes more familiar, it is more likely to be preferred
and consumed.'’
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Parenting, child feeding practices and children’s eating
Parenting practices shape children’s early experiences with
food and eating; these child feeding practices may differ in
the extent to which feeding is initiated by child cues, or by
environmental cues, such as time of day. Feeding practices
involve parental choices about which foods children are
offered; when, how frequently and how much children are
fed; and the social contexts within which feeding occurs.
These parenting practices are shaped by parents’ own
experience with food and eating, and by what is traditional
in their cultural group. Parenting practices are responses to
environmental threats to parental goals for children.?®
A universal goal of parents across all cultures is to raise
healthy children who are growing well. Historically, one of
the main environmental threats to this goal has been food
scarcity: food supplies were unpredictable, available food was
unpalatable and lacking in variety, energy-dense, nutrient-
rich foods were limited and conditions were unsanitary.
Faced with this environmental threat, traditional feeding
practices evolved that include (1) feeding children fre-
quently; (2) offering large portions; (3) offering preferred
foods; (4) offering food as a first response to crying or
distress; and (5) coercing children to eat when food is
available, even if they are not hungry. Additionally, in a
context where food is scarce, ‘bigger is better’; a plump, large
for age child is a sign of child health and successful
parenting.

In contrast to the food scarcity that has persisted through
most of human history, the current threat faced by families
in developed countries is an obesogenic environment. This
type of environment encourages habitual energy intakes that
are greater than habitual energy expenditures, an imbalance
created by a combination of easy access to large portions of
energy-dense and highly palatable foods, discouragement of
free-living physical activity through the presence of labor-
saving devices and normative participation in sedentary
behaviors during leisure time. When traditional child-
feeding practices that promoted child health when food
was scarce are applied in obesogenic environments, they
may result in overeating and accelerated weight gain by
promoting children’s (1) lack of responsiveness to satiety
cues; (2) overeating in response to large portions; (3) learned
preference for unhealthy, palatable foods as they are used as
rewards and treats; (4) learning to eat in response to
distress rather than hunger; and (5) learned dislike for
‘healthy foods’ if there is pressure to eat them. When a
‘bigger is better’ attitude about child growth persist as a
traditional parenting attitude, parents may not realize the
problematic nature of children’s eating, activity and
weight gain patterns. A growing body of evidence has
confirmed the use of traditional feeding practices in the
current obesogenic environments and that these practices are
indeed associated with accelerated weight gain and higher
weight status in children.

With respect to the effects of one traditional practice,
coercing children to eat, when children are pressured by
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parents to ‘clean their plate’ or offered a reward for finishing
certain foods, children eat more within that meal setting, but
appear to do so with a loss of responsiveness to caloric
density cues in foods suggesting that external pressure to eat
from parents creates children who attended to external,
rather than internal, hunger and satiety cues.?' Additionally,
the use of coercion for eating ‘healthy’ foods leads to the
development of dislikes for those foods; this practice has
been associated with a lower preference or even learned
dislike for foods that children are either rewarded for eating
or are pressured to eat.?>?3 Retrospective studies have shown
that the learned dislikes that result when children are
coerced to eat a food persist in adulthood; young adults
report dislike for foods that they had reportedly been coerced
to eat as children.?*

Intuitively, one effective parental response to the obeso-
genic environment would be to simply restrict children’s
access to palatable food as a way to limit their consumption,
and decrease children’s preference for and intake of those
foods. However, the experimental evidence does not provide
support for this view. For example, to assess the impact of
restrictive feeding practices on young children’s eating, Fisher
and Birch®® presented preschool-aged children with a situa-
tion where some foods were restricted and others foods were
freely available. As a result of these experiences, children
made more requests for the restricted food, commented more
positively about it, selected it over the unrestricted food and
ate more of it during those times when they had access to the
restricted food.”> Additionally, when children were left alone
with free access to an array of energy dense, highly palatable
snack foods (that is, things that parents often restrict
children’s access to), children whose mothers used restrictive
feeding practices at home consumed more of the ‘forbidden
foods’, despite reporting that they were not hungry.?®

Feeding practices can influence ‘how much’ food children
consume in several ways. As mentioned above, infants have
an ability to attend to the energy density cues present in the
foods they consume. Fomon et al.?” have shown that when
the energy density of formula is manipulated, infants adjust
the volume of milk intake consumed. Early feeding practices
may, however, work to either preserve or damper these
predispositions. Limited evidence indicates that self-regula-
tory abilities diminish when children get older. In part, this
may be attributable to parenting practices that focus children
on environmental cues other than hunger and satiety for
eating, such as ‘time to eat’ rather than hunger as a cue for
meal initiation or ‘cleaning the plate’ rather than satiation as
a cue for meal termination.>! The evidence available reveals
that by 3-5 years of age, many children show little evidence of
the ability to adjust intake in response to changes in the
energy densities of foods that are served in naturalistic meal
settings.”® Thus, in a manner similar to adults,® when the
energy density of foods is altered, young children eat a
consistent amount of food across meals, rather than a
consistent number of calories. Although this can
result in children eating too many calories when served
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energy-dense foods, this also implies that serving foods of
lower energy density for children can help moderate chil-
dren’s energy intake, as shown recently by Leahy et al.?®*°

The portion size of foods served to children also affect how
much or little a child consumes.*' Parents may serve children
large portions of food to promote adequate intake or because
they do not know what constitutes an age-appropriate
portion for their child. Children respond to larger portions
of food by consuming more of that food; at a single lunch, as
well as across multiple meals, doubling the portion size of
entrées resulted in increases in the average size of children’s
bites.3? This led to a 25% increase in intake, despite the fact
that children were largely unaware of any portion size
manipulations. Although there has been some evidence that
young children can self-regulate intake by compensating for
between-meal variations,**>* this compensation may not be
complete, and consumption of excess calories may accumu-
late in the long term when children are served large portions
of energy-dense foods at successive meals.>*

Survey data from the Feeding Infants and Toddlers Study
recently revealed that infants and toddlers, 2-24-months old,
are consuming too many calories and eating too much of the
wrong kinds of foods. For example, reported caloric intakes of
infants and toddlers in this survey exceeded energy require-
ments by 32 to 42%.%° In all, 18-33% of infants and toddlers
consumed no servings of vegetables, and 23-33% consumed
no fruits on a daily basis.>” Additionally, when vegetables
were eaten, French fries were the most commonly eaten
‘vegetable.’ By 15-18 months, 20% of children reported
consuming French fries at least once a day and by 19-24
months, 26% of children are eating French fries daily. The
types and amounts of foods parents make available to
children have been shown to be a significant determinant of
what children consume;®® the Feeding Infants and Toddlers
Study suggests that many parents are making the wrong types
of foods available to their children on a daily basis, decreasing
the diet quality of children at a very young age and creating
dietary patterns that may be detrimental to children’s health
and weight status.

Children come into the world with a set of predispositions
(that is, preferences for sweet and salty tastes, neophobia and
tendencies to learn to prefer energy-dense foods) that can
challenge parents’ ability to establish healthy intake patterns
in their children. Traditional parenting practices can further
undermine parents’ efforts. However, research has shown
that learned preferences for ‘healthy’ foods and appropriate
intake patterns are possible, given appropriate feeding
practices that work in concert with the child’s predisposi-
tions. For example, if healthy foods have become familiar to
the child,'® if eating them is modeled by peers or adults
model,* or they are paired with positive social contexts and
physiological consequences,* children will be more likely
to accept and prefer these foods. Additionally, if taught to
attend to internal, rather than external, hunger and satiety
cues, children can learn to better self-regulate intake by
being more responsive to the energy density of foods



consumed.*! As will be discussed in the next section, this
evidence suggests several promising, but currently untested,
intervention strategies.

A phased approach to selecting potent
intervention components and developing
optimized interventions (multiphase optimization
strategy)

With respect to preventing childhood obesity, our evidence
base regarding ‘what works’ is very limited. But, the evidence
that is available reveals that early prevention may be our best
opportunity because this is a time when children are primed
to learn about food and eating and are very responsive to the
influence of parents and caregivers. As summarized in Table 2,
the current literature provides a set of promising avenues for
early obesity prevention that need further exploration. New
prevention efforts can be guided by existing evidence
regarding the development of eating behavior in children.
However, a systematic approach is needed for selecting
effective intervention strategies and designing optimized
interventions. Collins et al.** have recently proposed a phased
strategy for developing optimized behavioral interventions.
This strategy provides a phased approach to selecting and
refining of intervention components, and for building and
evaluating optimized interventions. The conceptual model
for this approach is illustrated in Figure 2.

As illustrated in this model, Phase 1 of this approach
is a ‘screening phase’, in which theory-guided, randomized
experiments are conducted to select intervention
components through confirmation of causal links between
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intervention components and outcomes. Candidate inter-
vention components can be selected for the screening phase
based on the existing literature; thus, candidate intervention
components for preventing childhood obesity could be
selected from the material presented in Table 2. In Phase 2,
the ‘refining phase’, interactions among the components
identified in Phase 1 are tested, interrelationships between
components and relevant covariates are examined, and
optimal dosage levels are selected, again using randomized
experiments. Phase 3, ‘the confirming phase’, is a rando-
mized intervention trial to evaluate the resulting optimized
intervention. Note that the optimized intervention is built
upon the findings of the first two phases, which provide
essential information on the potency of intervention
components, their interactions, relations to covariates,
effective doses and modes of delivery before this confirming
phase. As the screening and refining phases focus on
selecting intervention components with strong evidence
for effectiveness, the intervention evaluated in the confirm-
ing phase has a higher likelihood of success, because there is
evidence regarding how and why intervention components
work. A standard randomized trial can then be used to
implement and evaluate the effectiveness of intervention.

Conclusion

Current school-based intervention efforts have not proven to
be effective in reversing the rising rates of childhood obesity;
additional approaches to the problem are needed. We
propose an expansion of these efforts to include a focus on

Figure 2 Outline of the multiphase optimization strategy (MOST). ANOVA, analysis of variance, SMART, sequential multiple assignment randomized trial. Adapted

from Collins et al.*?

and reprinted with permission from American Journal of Preventive Medicine.
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the period before school entry and the development of
interventions that include parents and families in home and
childcare settings. The existing research on the factors
influencing the developing controls of food intake in
infancy and early childhood suggests a number of possible
targets for interventions with young children, parents or
caregivers. As young omnivores, children are prepared to
learn to eat a diet of whatever foods are available in their
environment, and their innate ability to learn to like or to
reject foods provides the needed flexibility. Children’s
predisposition to learn can be used to advantage if parents
understand how their practices affect children’s eating and
weight, and that the impact of their feeding practices may
either promote or undermine the development of eating
behaviors consistent with higher quality diets and healthy
weight status. If a feeding environment is created that
supports children’s opportunities to choose and try new
foods in positive contexts and to make choices among
healthy alternatives, without coercion, children can learn to
like and eat those foods. When the child-feeding environ-
ment is restrictive or coercive, or when children are offered
the wrong kinds and portions of foods, they develop
preferences and eating styles that may increase their risk
for obesity. These findings provide the evidence base needed
for the development of behavioral interventions for the early
prevention of childhood obesity, and we propose the use of a
phased strategy to create optimized, potent intervention
strategies for preventing obesity during the first years of life.
However, in our the current obesogenic environment, it
must be acknowledged that early prevention of obesity is
only one essential step in developing effective prevention
and treatment approaches to combat the obesity epidemic
across the lifespan.
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